Stathmin gene family: phylogenetic conservation and developmental regulation in Xenopus.
The ubiquitous cytoplasmic phosphoprotein stathmin was proposed to play a general role as an intracellular relay integrating diverse signals regulating the proliferation, differentiation, and functions of cells (Sobel, A. (1991) Trends Biol. Sci. 16, 301-305). It was originally identified in mammalian cells and tissues, but antibodies directed against the mammalian protein also recognized a stathmin-like 19-kDa protein in all vertebrate classes. The immunoreactive protein in Xenopus laevis displayed, like mammalian stathmin, several nonphosphorylated and phosphorylated heat-soluble forms with distinct migration on two-dimensional polyacrylamide gel electrophoresis. Screening of Xenopus oocyte and brain cDNA libraries with a rat stathmin cDNA probe allowed us to isolate several stathmin-related cDNA clones, among which clone XO35 encodes the Xenopus homologue of stathmin whose deduced amino acid sequence is 79% identical to and displays most of the characteristic structural features of the mammalian protein. In particular, one of the cAMP-dependent protein kinase and the two "proline-directed" kinase-specific sites known to be phosphorylated in rat stathmin are also present in the Xenopus protein. Furthermore, two other sets of clones coding for related proteins belonging to the stathmin gene family were also isolated; clone SC15 encodes the Xenopus homologue of SCG10, a rat protein specifically related to neuronal differentiation; clone XB3 encodes a protein which, as SCG10 or SC15, possesses a stathmin-like domain and an additional N-terminal extension but is more distant from SCG10 than SC15. Interestingly, the mRNA transcripts of Xenopus stathmin (XO35) appear ubiquitous, like stathmin in mammals, whereas the SC15 and XB3 mRNAs appeared as markers of the nervous tissue in Xenopus. During Xenopus oogenesis, stathmin accumulates and remains stable as a maternal product throughout early development. Concurrently, its phosphorylation is regulated from essentially unphosphorylated forms to highly phosphorylated ones in the mature egg, which are then progressively dephosphorylated again from the midblastula to the tailbud stage. Altogether, our results demonstrate the high evolutionary conservation of stathmin together with the members of its related gene family, not only at the level of their molecular structures, but also of their biochemical and biological regulation. These observations are thus further in favor of a very general and likely essential role of stathmin in the normal control of cells throughout development and in the adult.